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INTRODUCTION 


Thallium is one cf the rare and relatively neglected elements that hes 
recently assumed conspicuous importance. This element is widely distributed 
in nature but occurs in such minute quantities in most rocks and minerals 
that its recovery at present is only commercially feasible as a byproduct of 
other industries. 


World War II, with its unprecedented demand for products having special 
or unusual properties, led to a study of a number of the rarer elements thet 
previously had been given comparatively little attention for one or more of 
the following reasons: 


1, Limitod knowledge of properties. 
2. Small quantitics present in evailable raw matcrials. 
3. High cost of concentration and recovery. 


Some of these rare elements, either alone or in the form of compounds, 
have already proved of such value for ccrtain military and industrial purposes 
that their cxtraction from ores and wastc products, even at high cost, is 
fully justified. On the othor hand, further investigation of their character- 
istics, discovery of mere adcquate sources, and improvement in mcthods of con- 
centration and recovery would greatly broadcn thoir field of uscfulness and 
establish new and expanded industries. The current market for some of these 
elements exceeds the available supply. 


One of the functions of the Bureau of Mincs is to study the properties 
of such elements in greater detail, lccate the most promising raw mterials 
from which they can be derived, and work out methods of extraction that will 
render the recovery of such clements more cconomical. 


The purpose of a serios of information circulars on the rarcr elements 
is to present in condensed form the facts and data so far available. This 
information may serve as a basis in planning more complete investigations 
loading tc a full utilizetion of such elements, 


PROPERTIES OF THALLIUM AND ITS COMPOUNDS 


The physical and chemical properties of thallium and its compounds have 
been studied by Crookes,4/ (6), Enck (11), Lamy (16), Lipson and Stokes (67), 
Misener (72), Mott (73), Richards and White (79), Sasahara (82), and Sekito 
(84). There was some disagreement among scverel early investigators concern- 
ing the propertics of this element, but these aro now fairly well established 
and gonerally accupted,. 


L/ Numbers in parentheses refer to items in the Bibliography at the end of this 


circular. 
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Phy si cal Propertics 


Thallium is a heavy, soft, bluish white motel rescmbling lead, In pure 
form it is quite malleable, but although it can be cxtendod it is not very 
-ductile end hence cannot readily be drawn into wiro. It has a specific gravity 
close to that of lead and melts.almost at the samc tompcrature, but its boil- 
ing point is fully 125° highor than tho latter metal. It may be distilled 
in en etueepEers of hy drogen or other reducing gas. | 


Thallium hes a crystalline seeietiee and when dent, givos off a sound 
similar to the "cry" of tin. Its hardness compared to that of load at 1:5 
is about 1.2. 


Thallium aralgametes with mercury and forms alloys with many metals. 
Load-thallium alloys have a higher melting point than that of oithor metal 
alone. Alloyed with silvor or lead, thellium incroascs the corrosion resist- 
ence of these netals, 


The main physical proportios of thallium are givon in tablo l. 


TABLE 1. - Physical proportics of thallium 


Atouie weight 204.39 
Atoric volune : 17.30 
Specific gravity (at 20° C.) 11,85 
Melting point -303.50° c, 
Botling point ; 1650.60° ¢, 
Latent hcat of fusion 5.12 cal. per gn. 
Elect. resistivity (Ohm - om at 20° C,) 18.10 
Cocofficicnt of Expension (at 50° C.) 0.0000325 
Specific heat (at 80° Cc.) 0,0288 
(at 180° C.) 0.032) 
Hardness (compared to load at 1.5) 1.1 to 1.2 
Tensilo strongth 6.21 tons por sq. in. 
Crystal forn : Tctregmal §— 


Chemical Proporti cs 


Although thallium resembles load in many of its physical proportics, it 
is more closcly rolated to the alkali motals and the clcnonts of Group III in 
its chenical propertios, and on this account Dumas (47), roforred to it as a 
"paradoxical element." It is now gonerally agreod that thallium should be 
Pleced in Group III of the periodic table, along with boron, aluminun, end a 
nunber of so-called rare cleronts. | : er ae 


Thallium has a valonce of 1 and 3, henco forms both thallous and thallic 
conpounds. The thallous salts are the nost stablo and heave necn studiod noro . 
Closoly than the thallic compounds. , 

Oxidation of thallium in the air rosults in the formation of yollow 
thallous oxide (TleC); but under nore highly oxidizing conditions, the dark- 
brom or violet thallic oxido (T1903) is produced. 
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Thallium combines directly with the halogens, forming three series of 
compounds. In the case of fluorine, the action is so violent that the tempera- 
ture of the product is raised to incandescence. 


In its monovalent state, thallium resembles silver and mercury, since it 
forms a relatively insoluble bromide or chloride and is precipitated by hydro- 
gen sulfide. Thallium sulfide, however, while very sparingly soluble in water 
and alkaline solutions, is dissolved by dilute sulfuric acid. 


Thallous hydroxide, carbonate, and sulfate resemble the corresponding 
compounds of soda and potash, since they dissolve quite readily in water. 
the other hand, thallium sulfate is readily roducecd to metal by means of zinc 
and ig far moro stable than tho alkali motals. 


Trivalent thallium compounds arc more analogous with those of the aluninun 
family. 


Table 2 gives the solubility and chemical propertios of somo of the 
bottor-known compounds of thallium. 


HISTORY 


The discovery of thallium dates back to tho oarly part of 1861, when 
W. Crookes noted a new.oloment while making a spoctroscopic cxamination of 
solonifcrous dcposits in the lcad chambers of a sulfuric acid factory in the 
Harz Mountains of Gcrmany, where iron pyritos wero uscd as a sourco of sulfur. 


Crookes announcod his discovory in a papor (6) on.March 30, 1861, and 
named tho new olemont thallium (from the Latin word thallus, a budding twig), 
becauso of tho characteristic green line it impartcd to tho spectrum, » 


“In ‘April 1862, A. ‘Lany (16) observed this spectral line in examining the 
sediment from the chambers of a sulfuric acid plant where Belgian pyrites 
were roasted. This investigator made valuable contributions in determining 
the physical and chemical properties of the new element. 


Considerable controversy ensued between these two investigators concern- 
ing who first recognized thallium as a metal, but it is generally believed 
that credit for the discovery o: the element belongs to Crookes. 


The comparative scarcity of thallium, the limited Snoeieiae of its 
properties, and the high cost of extracting it from known sourcos militated 
against its commercial development. Hence, for approximately 34 years 
thallium continued to be more or less of a ect | curiosity with few, if 
any, industrial applications. 


3528 -4- 


Google 


oe Ge gzce 
"992 °d ‘kx4sTusyQ fo yooqpuey s, o8ueT waz payzonh  HLON 
a gsosodmpoep = *dupoep 
£IOFBIOAYXOP = °P 
SOTTRiTe? = °ATe 


oTqantos £I0OA = ‘Tos oA 
OTANToOs = *Tos 
ATYBTTs = °Ts 


OTINTOsuT = °F _ ToyooTe = °*Ts 
 Gayyo = 40 8UD}00B8 = °708 
| uo sonbr Toe = *DTTOp SPpfoe = °e 


Cen +E fHoge@y “tog 


oogle 


G 


"I | ze ‘qdious ‘sOeTE = (oT) ‘opt sims 
*qoe “*xTe °T f*B *Tog | -*Tos ‘Ts | 0°0 | °.1303 SVT ontTa | St | po ‘optstms 
Nos?H “TRP "Tos | . *dupoog | mon =e *3r | oa" €(tos)?tr | (oF) ‘oqerms 
GH°ET | - ooL2 Tlog*T SoTqmyx *T09 | eco - (emo) foqering 
"Te °*T ‘sq Testan TOS, *TS o0t-9°0 | cre! : i seTpecot eVTuM peu ejeud sug 
PETE °F fog “TOS ae | -*xey f*uzq Jo *Hg O° LL | (9F) ‘optxo 
‘Tos *A | “TOs 7 BTTEP AOTTEX O°TL | (eno) ‘epTxo 
"ap ‘te “Tos es00xe °C °TOS *IO *TOO o@me*€( fou) ts a (OF) fo erq tT 
"Te *T f*408 *Tos oor" 0 t6"€ Fee? Tt ‘aug ONT | (1) (so) fozoratH 
“ATS °F fer TesTEN ‘“°@ °TOS = aT *7O *Urd — peYy PO°OTL (OF) Bqoum fapTxorpA 
¢ TOH °9 °Tr | - *T wei SATTO ‘au | TI. ‘opprzonty 
BEN °F §°Te *Tos *TS | “*TOB °A | oGT°OR ofqno ** TOO | TL | ouom ‘epTt1onty 
"908 °T “°xTe “°@ *Tos “TS | = 2°0 €0°O spe}. akIo MOTTOK tosses 94, oUD.IUD 
: "99 **Te *Tos | os “Tos *~A | soqetd TewSexeg | TOU T1. ‘opEIoTyy 
| | = ooTe’T | ¢792°0 : Teuorexey ‘AOTTOR €ToC TL Inbses ‘opT-toTa 
Hote ‘°Te *t ‘TOH “Tos *Ts cote’ t | ote’0 oFqno ‘oy TUM | TOL ouom ‘epTIoTiD 
‘Te °aqe ‘*408 6°40 °T | 9 qe lz cqe"n OFUPTOoUoM o> TUM | Pes ah eqaundtey 
 *Te *Tos *A 955 “A Tos btTep ‘MoTTex 7214 fopfupizg 
: ace - * dunoeq BSTPSeU MOTTEK gk ns To ‘opyupig 
. °q0B8 °T 00162°0 | ootc0°o oTqno “MOTTOX | JETL ouom ‘epTubzg 
°TS °TOS °A - PTos "A pe Tpesou ANTS SoSHCOTL 648700 
fr °t ftosea “Sonn *tog °T *T | 927304 ‘oa ru WsTnTE tL UNF TTOGL 
S}UerVe. 1910 | oa | 1973M : ouey 
40H PTOO 


spread OOT UT AVFETTQUTOS 


spunodmoo sy pus UNTTTeyy Jo set y1edord TeoTusyo pue “aT TTqnToOS - °c TMV 


Its tse in meéicine for treating dysentery and taveaounedié pe cicatan 
apoverently began in 1896, but on account of its great toxicity these uses were 
abendoned. Thallium acetate was.employed to a limited extent in the treatment 
of dimasus of the scalp, but. its-tendency to cause hail to fall out made this 
use cf very doubtful value. Later, the use of thallium in highly rofractive 
optical glase was propoBed y and in-1919 a. ‘photcsensitive cell using thallium 
oxysulfide was ~fatented, For @ While this use reprosented the most important 
cutlet for thallium, The domand, however, - -was so li mited that the price of . 
thallium dropped from about #17 per Rome in: Agee to © in 1924. 


Beginning in 1925, : cera new uses. for ‘eran wore cee perticu- 
larly as a poison for rodents and later as an insocticide. This resulted-in. 
an increased demand and a rise in tho po from $12 to $15 por pound 


In 1932, substantial imports from. a number of European scuntetied ets 
caused the prico of thallium to. drop. ag low as,$5 per pound and apparently 
the supply continued to: Be adequate’ to’ meet normal domands up to World War II. 


Cossetion of Amports from Belgium, Franco, Gefmany, and‘ Poland during the 
war years, however, resulted in shortage of tho mctal in the United States; 
in 1940-43 the motal: was .quoted at.$10 a pound (20), and the supply was only 
one-third of the demand, The pricé range in 1944 was from $10 to $12.50 per 
pound, and voluntary distribution control was sct up carly in 1945. Lator 
in the spring, 3,000. pounds wore acquired from Belgium and France. Tho first 
production from Canada in 1944 (20) gavo an output of 128 pounds valued at 
$1,699. Tho latest quotation én thallium uacccrding to Engincoring and Mining 
Journal, ~19h9) is $15 por. pound. = 


The only known domeatic producer of thallium LS the ‘American Smelting 
& Refining Co. (20), which recovers thé metal as a byproduct of zinc-cadmium. 
operations at its Globe. x met: ; Demet Colo. | 

Thallium has now Sec vne of such. aepabedie ‘mper kena that in 1946 the , 
Bureau of Mines undertook a complete and exhaustive study of possible sources 
of this:element, as well es investigations of methods for extracting and |. 
utilizing it to the best possible advantage. The results cf these aireatign. 
tions will be reported in lator publications of the Bureau of Mines. | | 


~ SOURCES OF ‘THALLIUM 
Sources of thallium, may be divided for convenience into. two oe groups: 
le ‘Natural occurrences, including ceposits of thallium minerals, rocks - 
containing small proportions of such minerals and water. or brine with traces 
of thallium compounds dissolved therein. | :; 
2, Industrial wastes dnd residues derived from metallurgical and chemical 


processes in which Laer from the oa raw materials has been somewhat 
concentrated. 
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Natural Occurrences 


Thallium has never been found in nature in a free or uncombined state, 
and although the element has been detected in many types of rocks and ores, 
the quantity present is usually so small that its direct extraction is 
economically impracticable. | | ; _ + 


The four main thallium minerals so far identified, as reported by Enck (11), 
Munch (24), Petar (27), and Sanderson (28), are given in teble 3. Thoy all 
contain rather high percentages of the element, but no deposits of enough size 
to have commercial importance have been reported. — 


TABLE 3. - Rare minerals containing thallium 
Mineral Approximate formla (percent) _ Source _—._ | 
Crookesite CuTlA, )oSe Skrikerum, Sweden 
Lorandite TlAs Macedonia 
Hutchiniscnite (T1agCu )oS(AsoSz )oPbS ‘Binnental, 
| o a . | Switzerland — 
Urbani te | TLlAsoSsbe | 29 to 342 Macedonia . 


Minute traces af the element have been found in a great variety. of rocks 
and minerals such as hemitite (106), sphalerite (108), mscovite, berzelinite 
(7), pyrolusite, manganite, carnallite (27), (105), lepidolite (11, 27, 90, 122) 
galenite (117), some micas (11, 116, 122), clays (90), and many cupriferous 
pyritos (11, 2h, 92, 95, 120). According to Hopkins (59), the solubility of 
TLS in both AsoSz and PbS makes the presence of thallium common in such 
minerals as sartorite, dufronoysite, and jordanite. 


Depending on its valence state, thallium my exist (7) with caesiun, 
potassium, end rubidium, all of which it closely rescmbles in some respects. 
Otherwisc, it may resemble members of the aluminum family and is found in 
their ores. 


Small amounts of the clement have been found in spring wetor, sea wator 
(7, 95) and in the mother liquors of the salt works at Nauhcin. 


Brim (99, 100) and Carabbi (104) found thallium in a volcanic exhalation 
of Mount Vesuvius in 1906, also in the red scoria of a crater at Mount Etna. 
However, no commercial utilization of volcanic exhalations has been reported. 


Thallium occurs in small quantitics associated with other mctallic 
sulfides in iron, coppor, load, zinc (109), and manganese orcs and according 
to Syrokomskii and Charova (12h), it is found in the ores of non-forrous 
Motals in the form of isomorphous mixtures. Nowochatskii (117) reports 
appreciable amounts of thallium in the Tokcli ores (in Deungar-Altay, Asia), 
and it was proposcd to recover the element in the lead Plant at Kasachistau 
and the cadmium plant at Loningrad, U.S.S.Re . Certain ores of (7) bismth, 
morcury, and antimony, as well as native sulfur and many selonides and 
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telluvides, contain traces cf thallium, but Enck (11) states that it is never 
more than 1 4,000th pert of the bulk of tho ores. Lopez (112) reports ite 
frequent occurrence in lead ores, and it - ee meen Tound in the zinc ores 
of Leadville, Colo, | See” a 


The Bureau of Mines station at Salt eines hie, Utah, is naeing a survey 
ci the ores, concentretes, and tailings in the Salt Lake Valley, as well as 
those in other mining districts. This station is studying also methods of con- 
centrating the thallium by standard ore-dressing methods, as well as by leach- 
ing and voletilizing, with a view to determining the most: Pa sources 
and processes for recovering this 6lement. 


Industrial Residues and Wastes 


The wide distribution of an- pores in ‘tho earth's anit ip by no ‘means 
an indication of its availability. Concentration is the critical factor; and, 
unloss materials are avetlable in which the -element.occurs in aubstanttel . 
quantities, its commercial extraction may bo: economically impracticablo. - 


Since there are no commerciol ores of thallium, the possibilities of © 
extracting it as a primary. product are extremely remote. However, in met- 
allurgical and chemical operations designed. to recover other metals and 
chemical products, thallium is often concentrated in flue dusts, precipitators, 
residues, and mother aka malicing it possible: to obtain § thallium as a 
by product. 4 


Military requirements, as well as expanded peacetime uses for finan. 
have caused renewed interest in certain industrial wastes from which thallium 
may be extracted, and the Bureau of Mines is Tne a saa survey of 
such sources. 


Residues from the Smelting and Refining of Mctals 


Much of the domestic supply of thallium is now obtained in the ari eica: 
tion of cadmium, which is itself a byproduct of the smelting of other metals. 


Bibikova and Gornova (94), from an investigation of tho'wastes of the 
Chelyabinsk zinc plant, report that maximm concentration of thallium (ave.. 
0.03 percent) occurred.in the roturn cake of the cadmium department. Ina 
report (126) of the Unterharzer Berg-und Huttonwerke at Oker, noar Gosler, 
which operates zinc, lead, ‘and copper smelters for ore from the Rammelsburg.: 
mino, it is stated that a vertical-retort zinc plant includes a fractionating 
still for refining zine which producos a cadmlum-thallium blue powder, 


Baghouse products of the lead-coppor blast furnaces ‘contained both - _ 
cadmium and thallium, A lesser amount of these clements occurs in a / Leady. 
zinc oxide made by a treatment of the rotort Pobr cues: | | 

Tyler (154) states that thallium was recovered at Magdoburg from the 
md that separated from the olectrolyte in the bottom of cadmium colls. It. 
is claimed that tho thallium did not originato from the zine orcs, but rather 
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fron cadmium-rich material crue fran Cologne (Ford works , iene and 
Wels baden. 


The recovery of thellium fran Ase oxide is of Snnoxeenoavens, according 
to Sanderson (28), wherever zinc is camercially distilled and refined and 
the sulfur transformed into sulfuric acid, the maximum amount of thallium is 
recoverable as compared with low recoverics in these works where sulfuric | 
acid alme is made. : 


Sanderson (28) claims that the flue dusts fram the manufacture of 
lithopone or in the reclamation of scrap alloys are especially rich in thallium. 
The volatilized materials which are collected in electrostatic precipitators 
have sometimes been found to contain as much as 0.6 percent thallium, 


A tkenhead (126) in a report of ’ the zinc and byproducts of the. Unterharzer 
Berg und Huttenwerke at Oker, Harz, states that the flue dust contains 0.5 per- 
cent thallium, In 1944, the Hudson Bay Mining & Smelting Co. (20) at Flin Flon, 
Manitoba, Canada, recovered 128 pounds of thallium from dusts eee from the 
treatment of zinc ores and scrap (28),. 


Wastes from Manufacture of Sulfuric Acid 


Copper and iron pyrites often contain emall quantities of thallium (4, 2h), 
and this element is volatilized and concentrated to some extent in the flue 
dusts from sulfuric acid works where such raw materials are employed as a 
source of sulfur (93). This method cf concentration was recognized and referred 
to by Mellor (21), Moyer (22), Busche and Peiser (102), 1 Ker shaw (07), and, 
others... 


Crookes and Lamy worked with flue dust resulting from pyrites burning, and 
the latter (16) obtained thalliuni from the md of lead chambors of a sulfuric 
acid plant by first neutralizing the mass with lead or calcium oxido. Kuhlman 
(111) also studicd lead-chamber doposits as early as 1863, Syrokomskii and 
Charova (124), in a report of thallium found in. the waste products of sulfuric 
acid factoriocs, claimed that the electro-filter boot trol!) ie la contains 
enough thallium to make its extraction profitable. ; 


BEttger (95) found thallium in the flue adat fron the Rhenania Corp. 
sulfuric acid plant noar Stolbcrg, which opcratod chior ly on pyritcs from 
Thcux. Gunning (13), experimonting with some flue dust froma sulfuric. acid 
factory where the pyrites used came from near Suhort, found the dust to yield 
about 1 percent chloride of thallium, 


In 1919 Sisson and Edmondson (150) collected, for experimental purposes, 
1500 pounds of dust and refuse deposited in the flues of. a sulfuric acid 
plant of tho Blaydon Chemical Works, This dust, which resultod from burning © 
1,500 tons of coppery pyrites contained 0.25 percent or a total-of 3.75. pounds 
of = (equivalent + to 1 1/4 parts per million in tho arate pyritos 
Ores). 


From 1930-36 at the Ukrainian Chomico-Technological Institute, a series 
of investigations was initiated undor the direction of Prof. A, G. Komarovseky 
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to determine the existence of. some rare.metals, including thalliun,. in, tho 
wastes of the sulfuric acid and zinc indvstries. Burkscr (101) rcoports, however, 
that Cottrell dusts from roasting pyritcs and cthcr sulfides showed no concen- 
tration of thallium and: that in. wastcs from HoSO) plants utilizing. the gases 
from roasting nonfcrrous.orce,. thallium was obsorved only in the Cottrell dusts 
from the Riddersky Plent. Mcdunin (113) investigated Cottrell dusts fromthe - 
sulfuric acié factory of the Kirovradsky: chomical plant. Aftor a mothod had 
been worked out for extracting tho valuablo constitucnts contained therein, ho) 
succecded in mgcowcn ine a fow grams oat thallium nee: 


The fact that compounds of thallium aro ; quite wererers at. elevated - 
temperatures offers one of the best’ means of effecting the concentration of . 
this clement. Henco, the Bureau of Minos is. devoting special attention to flue 
dusts and volatile products that are, or can be, collected by smolting ores 
and coricontretes containing appreciable quentitios of thellium, Those: investi 
tions aro being conducted in cooporation with leading industrial concerns, and 
‘the rcsults will bo mado evailable when cnough data are obtained to warrant — 
their publication. Suffice it to say, that some of these matorials offer con- 
siderablo promise of supplying tho thallium noods of this country, provided 
the olcment is cxtractcd as a byproduct in comnection with the racovory of 
othcr valuable metallic cand nonmetallic Products. 


EXTRACTION | OF ‘THALLIUM 


A number of “methods have been proposed Pr practiced for svteact tng 
thallium from ores, flue dust, and other industrial residues, The- processes 
employed are based on the solubility of thallium compounds in various media 
and on the nature of the othor ingredients present in the raw material. 


Recovery from Ores: 


A method of extracting thallium from ores was described as far back as 
1863 by Crookes (6), who treated finely ground Belgian pyrites with aqua regia. 
Sulfuric acid was then added and the solution evaporated to remove the excess . 
acid and‘convert the thallium into sulfate. The residue was then treated with 
water, rendered alkaline with sodium carbonate, and any lead and bismth 
present precipitated by adding potassium cyanide. The filtered alkaline solu- 
tion was treated with hydrogen sulfide, hence precipitating the mixed sulfides 
of thallium, cadmium, and mercury. The thallium sulfide was then dissolved 
by adding sulfuric acid, The solution was’ scparated from the insolubte 
sulfides by filtration, and thallium sulfate crystallized from the filtrate. 


Hamny (139) patented a process for recovering thallium and padidac tive 
methals from lead ores, consisting in volatilizing such elements in an atmos- 
phere of hot CO, N, or other nonoxidizing gases, mixing the volatilizcd fumes | 
(immcdiatoly after: leaving tho hot zone) with a large excess of air, gradually 
cooling tho oxidized products and depositing them in a scrics of settling 
chambors, -The thallium and radioactivo eloments are said to bo deposited for . 
the most pert in the first cooling chambor immediately after the combustion. 
takes Place, While the leed oxide and sulfate are obtained in subsequent 
chambors. The product collected in the first chambor is again submittod: ‘to 
the sao treatment to effoect.a further concentration of ‘thallium. —_. 
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_ Recovery oxen ous Residucs . 


Because of the sinnte quantities of thallium present as well as the 
refractory nature of certain ores, most of the work on the extraction of this 
element has been conducted with flue dust, sulfuric acid chamber deposits, and 
plant residues in which the meee has been concentrated by motetiureteet or 
chemical processes. 


The volatile nature of thallium compounds causes them to collect in the 
flue dust and sludges resulting from the oxidation of sulfide ores. These 
materials formerly were the chief sources of thallium and its compounds, and — 
Kuhlman (146) suggested that larger amounts of this element could be recovered 
if "prechambors" were inserted ahead of the Glover tower so that tho volatilized 
thallium would be condensed instoad of being dissolvod in the sulfuric acid, 


Crookes (6), Schaffner (149), Wohler (155), and stolba (151) ‘extracted 
thallium from such flue dusts by digestion with dilute sulfuric acid, filter- 
ing and concentrating the solution and precipitating tho thallium as chloride 
which was subscquently separated from impurities. This general schome, with 
certain modifications, is still cmployod. | | 


Bottger (95), doscribed three processes for extracting thallium from the 
chamber deposits of sulfuric acid plants. In one method the pasty slimo was 
mixcd with } to 6 parts of water and the mixture boiled. Sodium carbonato was 
then added until tho solution was strongly alkaline and the boiling continued 
until the red color of the mass changcd to black. Tho solution was then 
filtered, potassium cyanide addcd to tho filtrato, and pure hy drogen sulfide 
passed into the solution, precipitating a mixture of sulfides from which ~~ 
thallium was subsequently separatod. 


The second method doscribed by Bottgcr was mich simpler » yet was said to 
give oxcellont yields. It consistcd in mercly extracting the vory finely 
ground fluc dust with water and precipitating thc dissolved thallium as metal 
by placing rods of puro zinc in tho cloar filtrate. 


The third method consisted in oxtracting thallium from tho chamber slimes 
with hot wator, filtering, rendoring tho filtrate alkaline with sodium carbonate, 
adding sodium sulfite to reduco tho thallium to tho thallous state and precipi- 
tating with hydrogon sulfide. The mixed sulfides wero than filtored off and 
troatod with diluto acid to dissolve tho thallium, leaving cortain insolublo | 
metallic sulfides unattackod. 


The authors of the present paper do not. think that the treatment of flue 
dusts with boiling water (without the addition. of acid) is sufficient to 
extract effectively the thallium in such wastes; but, in the case of slimes 
eae with eesti the processes init by mae appear aerated 
sound, 


Saudereon (28) has pointed out that recovering thallium from the flue dust 
and slimes of sulfuric acid plants is only practicable where the sulfide ore 
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used contains appreciable quantities of this. element. Pyrites from some 
sources may carry little or no thallium, but where less pure zinc sulfide ores 
are employed for manufacturing sulfuric acid, thallium compounds usually are 
found both in the zinc oxide and in the airuric acid sludge. 


In meeting this country's needs for thallium, therefore, the tendency is 
to depend mainly on commercial plents where zinc ores and concentrates are 
treated. 


Sanderson (28) describes a mcthod of extracting thallium from the flue 
dust of zinc plants, consisting in mixing the material with boiling water to 
which a small amount of sulfuric acid has been added, The thallium and other 
metaliic impurities are precipitated by adding zinc dust alone or a mixture of 
zinc dust and puro zinc oxide.. The mixed precipitate is filtercd off, but the 
procedure cmployed in saa the thallium from Donen EE CeRT tate. is not 
clearly described. . : 


Aitkenhead (126), in a study of metallurgical processes and products in 
Germany, describes. the extraction of cadmium and thallium from the following 
dusts and residues: (a) A beghouse product from lead-copper blast furnaces; 
(bd) blue powder from a fractionating still for refining zinc; and (c) Cottrell 
dust from a zinc-sintering plant. These residues contain lead, zinc, and small . 
amounts of cadmium, thallium, and chlorine. After oxidation the mixed residues 
are leached with sulfuric acid at 80° C,, the leach neutralized with zinc . 
oxide, and the resultant slurry filter pressed to remove lead sulfate. The 
lead sulfate is returned to the blast furnace. The filtrate is then cooled 
to 20° C,, and the double salt of TICl + CdCl, is crystallized. When this 
salt is treated with water, cadmium chloride dissolves, leaving the. thallium 
chloride as a precipitate to be subsoquently purified and converted into 
Metallic thallium or othcr thallium ‘compounds. 


PREPARATION OF THALLIUM COMPOUNDS AND METALLIC THALLIUM 


In separating thallium from. other elements. ; saventags is taken of the 
difference in solubility betwecn thallium compounds and those with which they 
are associated, The fact that thallium sulfate is quite soluble in water 
orfers a means of separating it from sulfate of lead.: Thallium sulfide is 
insoluble in alkaline solutions but soluble in acid, henco, can be, separated 
from the metals of group I. Thallous chloride is very sparingly soluble in 
cold water, whereas, the err oee of | aia zinc, es and copper are. 
readily dissolved. ae | 


Thallium Salts 


Browning (4) states that, in the more stable thallous condition to which 
thallic salte may readily be reduced, thallium may be separated as follows: 
fron metals which give precipitates with hydrogen sulfide in acid (but not — 
acetic acid) solutions by means of hydrogen sulfide; from elements which form 
insoluble hydroxides by means of sodium hydroxide: and from the alkelis and 
alkali earths by means of a ammonium sulfide. | 
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Crookes! (6) method of preparing thallium salts from sulfuric acid extracts 
(which is still used by the Army), consists in concentrating such extracts and 
then adding hydrochloric acid or sodium chloride to precipitate thallous 
chloride. The thallous chloride may be purified by dissolving and reprecipitat- 
ing, or it may be converted into thallous sulfate by treating with sulfuric 
acid. The solution, thus obtained, is acidified and treated with hydrogen 
sulfide to precipitate traces of arsenic, bismth, and antimony, and the 
filtered solution treated with the proper amount of aimonia to remove the last 
traces of iron end aluminum. Pure thallous sulfate is crystallized from the 
filtrate by evaporation. 


Stolba (151) proposed crystallizing a thallium-aluminum-iron alum from 
the solution obtained in extracting flue dusts with sulfuric acid. Repeated 
recrystallizations arc said to produce an alum from which pure metallic thallium 
can be obtained. 


At present, thallium sulfate, acetate, oxysulfide, and formato are the 
salts of thallium that have the widest industrial applications; and, while the 
sulfate is rather readily prepared and purified cithur from the chloride or 
from cxtrects containing other thallium salts, the acetate, oxysulfido, and 
formate can only bo produced in pure form from the oxide, carbonate, or 
metallic thallium, 


Metallic Thallium 


The preparation of relatively pure metallic thallium is fairly simple 

and a number of processes have been successfully employed. Browning (4), 
lists the four following methods of obtaining metallic thallium from its 
compounds: (1) By fusing a mixture of thallous chloride anc sodium carbonate 
with potassium cyanide; (2) By submitting a solution of the carbonate or 
sulfate to electrolysis, (3) By heating the oxalate; (4) By precipitating with 
zinc from an alkaline solution of thallium sulfate. Dement and Dake (7) 

state that it is feasible also to obtain the metal by igniting unstable . 
thallium salts or organo-thallium compounds. 


Lemy (16), Sanderson (28), and Wohler (155) describe the precipitation 
of metallic thallium by immersing zinc plates or rods in sulfate solutions, 
while Aitkenhead (126) and Tyler (154) state that the metal, thus obtained, 
my be dissolved, precipitated, and melted wndcr cyanide, and will yield a 
product having a purity of 99.7 percent. Only pure zinc should be used in 
separating thallium by this method. 


Enck (11) prepared pure thallium meta] by immersing zinc plates in vats 
containing thallium sulfate.. The sponge deposit of metallic thallium was then 
scrapod off the zinc plates and compressed or fused into sticks in an 
atmosphere of hydrogen to prevent oxidation. 


Stolba (151), recommended a method of preparing the motal consisting in 
fusing 20 parts of thallium chloride, 8 parts of dry soda ash, and 1 part of © 
lampblack at low red heat. He stated, however, that there is always a slight. 
loss due to tho voletilization of the thallium chloride. 
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Sisson ond Edmondson (150) reduced thallium cklerido by fusing it with « 
mistuxé of sodium carbonates and potassiun cyénido, teking carc thet the tempers 
ture did not rise high ‘enough to voletilize tho thallium, "According to - 
Aitkonhead (126), euch a metho@ is being employed in Gorminy to Posaee crude 
moteliic thelltum from cedidum - thallium residuvs. 


Hughes and Teats (143) treated cadmium-thallium sulfate Pee with 
sodium bisulfite +o reduce’ the thallium to the thallous state. He then added 
sodium bichromate to precipitate thallous chromate containing only small - 
quantities of impurities. The thallous chromate was reconverted to thallous 
sulfate by addition of sodium bisulfite, and impurities were precipitated by 
passing hydrogen sulfide through the acid sclution. Metallic zinc was then 
added to the filtrate and the thallium sponge obtained, was pressed into 
cakes, melted, and cast into bars. The metal could then be ourified further 
by remolting and granulating. me ee | 


Metallic thallium has been produced by electrolysis poth from aqueous 
solutions and fused baths containing thallium compounds. In the electrolytic 
deposition of thallium from aqueous solutions the carbonate or sulfate has been 
generally employed, but according to Brown and McGlynn (40).the best deposits 
are produced from a perchlorate bath. These invcstigators obtained smooth, 
cohcrent dcposits of metallic thallium from a perchlorate: bath, using peptone 
as an anodic dopolarizer, a acid as an addition agent, and & current 
density of about 1 amp. 


Hughes and Teats (143) proposed sepieinn thallium by the electrolysis of 
@ pure thallous sulfate solution by using insoluble anodcs and aluminum 
cathodcs. The flaky, spongy thallium dcpositeod on the cathode is epee off, 
pressed into a cake; meltcd, and cast into bars. | 


Mmch (147) roviowed a numbor of asticde for err motallic thallium 
from aqueous solutions and has stated that tho. metal my also de deposited - 
from solutions of BS iodide or nitrate in Liquid ammonia. 


A proccss foe re cadmium and thallium, as éevence iy @ oe 
issued to the Amcrican Smelting & Refining Co., consists in electrolyzing a 
solution of the sulfatcs of tho two mctals. Pure cadmium is deposited in the 
firet stage, but when the ratio of thallium to cadmium in solution reaches 1 : 
10, frosh cathodes are introducod, - The deposit obtaincd in this second step 
SOnsiGtE of a mixture or elloy of cadmium and thallium, This deposit is 
screpod off, dissolved in sulfuric acid, and calcined. Tho rosidue is than 
dissolved in water. The cadmium is procipitated by an addition of sodium 
carbonate; it is filtercd and the filtrate of thallous sulfate treatcd with 
sodium sulfido to precipitate thallium sulfide. This precipitate is dissolved 
in sulfuric acid and the solution boiled to free it from hydrogen sulfide. 
Traces of cadmium, lead, and zinc are precipitated by rondering the solutia@ 
alkaline with sodium ne banaees - Tho solution is then electrolyzed, yielding 
mee motallic thaliiun, 


In a more recont patoib taken: ait by Teats en ana oo eee to the. 
Amorican Smolting & Mer inane CO. ».. the mixtaiz’o or amet coor on thellium 
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deposited on the cathodes is converted into hydroxides by treatment with hot 
water and steam. Cadmium is precipitated from this solution by godium carbon- 
ate and the cadmium-free filtrate treated with hydrogon. sulfide to precipitate 
the thallium as sulfide. This is dissolved by sulfuric acid, boiled free of 
hydrogen svifide, and the solution of thalloue sulfate electrolyzed to recover 
pure metallic thalliun. 


The physical properties of thallium are such that the metal alone has few 
industrial applications, but when combined with other metals it yicldis a 
nuniber of alloys having a variety of uses. Thallium incroascs the hardness and 
corresion resistance of load and improves the.properties cf bearing metals. 
With this in mind, Fink and Conrad (55) proposed and demonstrated the feasibility 
or the clectrodoposition of a thallium-lead oad from Der ennee are solutions of 
the two metals. 


|. USES OF THALLIUM AND ITS —— 


Tic employment of thallium salts for medicinal purposes was first proposed 
over 50 yoars ago, but on account of their toxic effect this use was largoly | 
sdandoncd,. 


Scvoral other uses for thallium compounds were suggested during the noxt 
3C years, but it was not until World War IT: that the ‘importance and valuo of 
this clemcnt and ite compounde worc more Jae appreciated. 


The uses for thallium and its eeisoaas havo Snnaed: vesiait within the 
past decade, end evcn at the presont rather high priccs they can be comployed 
to advantage for a number of commercial as well as scientific and military 
purposes. There is littic doubt that, as additional sources of supply become 
ae eee at lower production costs, the momen for thallium will increase 

ently. 


ees Thallium and Its seg 


Mctallic thallium as such has fow if any industrial applications aaa 
therefore may be rogerdod as an intormcdiate from which thallium alloys and 
compounds arc pRCences 


In conjunction with othor metals ». thallium forms alloys that havo unique 
ond valuable proportics. | | 


Lead - Thallium Alloys 


The addition of thallium to lead yields harder products with higher melting 
points than either of these metals alone. Such alloys show increased resistence 
to ordinary atmospheric and anodic corrosion (192) and have been recommended — 
for use as anodes for the electrolytic deposition. of copper, The amount of 
thallium in such alloys ranges from 3 to 65 percent; and although the cost of. 
thallium is high, the alloys furnish an acid-resistant surface when deposited 
upon electrodes cf ‘iron, steel, or brass that renders their use for this | 
Purpose economical. Lead- thallium alloys containing 20 to 65 percent thallium 
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were deposited eltctrolytically from a perchlorate bath by Fink and Conrad (55). 
This gencral proccdure is cmployed in plating chemical equipment to protect it 
against corrosion (16). A lead-thallium alloy containing up. to 20 percent 
thallium is used as a high- ae solder and may aiso bye. employed as a 
fuse motal in lieu of lcad. 


Lany (26) found that an dite seaweeds 10 are thallium, 20 percent 
‘tin, and 7O percent lead rosists tho. corrosive action of mixtures of sulfuric, 
nitric, and hydrochloric acids. This alloy:is especially recommended for use 
as anodc for the cloctrolytic aie ot coppor. Its corrosion is loss 
than ono fifth that of lead alono. ay. 4 : 


Ellis (187) reported that the addition of thallium to lead-base alloys 
improved their resistance to deformation markedly and that both yield-point 
end ultimate-strength tests showed that an alloy containing 72 percent lead, 
-5 percent tin, 15 percent antimony, and 8 percent thallium was eER eae to the 
best Sees bearing alloys. 


Si Wer Thallium Alloys 


Apansen (162). employed silver-thallium alloys Seitetainn at least 70 percent 
silver for articles. made resistant to acids and hydrogen sulfide. Johnson (208) 
made alloys containing 10 to 22 percent of thallium with silver and found that 
they were very resistant to corrosion by dilute or concentrated hydrochloric 
acid, Silverware made from the thallium-silver alloy has a high. yet and 
does not blacken on contact with air as does Dee aaaree 


Hensel (198) geaaaca gilver-thallium antifriction alloys. Amsler seizure 
tests indicate that 20 percent silvor-thallium alloy has optimm antifriction 
properties, It is believed that the difficulties experienced with pure silver 
bearings may be due to crratic soizure tendency and that corrodiblo silver- 
thallium alloys should perf orm better. 


Silver- thallium alloys sGntainias 20 ee thallium eee the General 
Motors bearing test without any signs of distress. Patents for silvor-thallium 
contacts and bearings, respectively, wore issucd to Hensel (198, 199). 


Assmann (161) obtained a patent for. sills eaitatning between 0.03 and 
18 percent thallium, 0.3 and 20 percent aluminum, and at loast 78 percent 
silvcr. Such an alloy is said to be suitable for the manvfacture of stainless 
silvorwaro. a 


oe Thalliun Alloys 


_ Thallium aiiave with mercury to form an- eeeededer with a molting eine of 
about -60° C.: (pure mercury melts at -39°C.) and hence is used for low-. | 
temperaturc thermometers. -It is claimed that thallium ee are suitable | 
for Mon GURY Veron rectifiers. 


Burkhardt and ‘Riodorer (168) aaebas that wiers suitable for saetine a arc 
formed of magnesium together with thallium 0.5 to 10 percent. A patent far a 
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magnesium alloy with 1 to 20 percent thallium suttabis for bending, drawing or 
other working was issued to McDonald (215). 


Hensel (200) discloses a copper alloy with 2 to 35 Seiden thallium which 
is used for bearing8. Another patent (201) for a copper alloy has 1 to 34 per- 
cent thallium and 1 to 34 percent lead with a- minimum of 65 percent copper. 


Siemens and Halske (235) found that alloys containing 0.1 to 5.0 percent ) 
thallium with iron and nickel were useful for powder cores, 


Other ternary alloys, such as Tl- Bi- Pb, Tl. Bi- ca, cand T1- Pb- Ca, have 
bcen studied but they do not appear to have any striking properties. 


or thallium alloys are not suitable for use in the food inaustries on. | 
account of the poisonous neue. of certain: thallium compgunee: that may be |: 
formed. 


‘Thallium Compounds 


By tar the largest proportion of the thallinm produced is consumed in 
compounds. Thallium compounds have many inductrial applications, but their 
usc is limited to a considerable oxtont because of the comparative ore 
and high price of this element. . 


Lenees 


The need for higher security in trensmitting sccrcet intelligcnce and the 
danger of interception where messages arc transmitted by radio have a ee 
in military application of light wave commnicetions. 


Infrarcd optical instruments cpploying Lonses made of mixed thollium- 
bromide-iodido crystals have been dcvcloped for this purpose. Such crystals 
wore first synthesized in Germany. Tho foreign technical mission reports. 

(181, 195, 237, 238) give information on infrared rescarch, as well as the 
composition and preparation of mixcd thallium - bromide - 1oaido. crystals, 
Tuttle and Egli (240) report that crystals of 42 mole percont thallium-bromide 
and 58 mole percent thallium-iodide having properties similar to those of the 
German material, have becn synthesized at the Naval Research Laboratory: by 
crystallization from a mclt of. the samo acs The obsorved transmission 
is epproximatoly 67 porcent from 10 to. 14 Pe | 


The crystals are grown from a molt using a 4» modification of the technique . 
developed by Bridgman (167). The furnace used is a vertical tubular resistance 
type, the uvper and lower sections (having independent temperature controls) 
are separated by an insulating baffle that serves to increase. the oe in 
the region where crystal growth takes place. A temperature of 470 -is ‘main- 
tained in the upper section of the furnace. A mixture of the desirod composi - - 
tion is melted in a cylindrical platinum or pyrex crucible with a conical 
bottom, and the crystal growth is cotrolled by the temperature gradient main-. 
tained and the rate at which’ the crucible is lowered through the furnace: For 
homgcneous crystals, a sharp tempcrature difference is needed, but the rate of 
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passage through the gradient should be slow enough to. insure cryetallization © 
across the whole eurface of the solid - molt interface. A lowering rete cof 7 
hours per inch is said to give excellent crystals 1 inch in diameter, we a 
rete of 3e hours per inch. produces See 2 eee ‘in diameter’. 


Bridgmen (167 , used a gimi lar method of | enna single spear for | 
various metels: 


Photéciectric Cells 


_ .The fact that, upon exposure to light, 4 change in the electrical resist- 
ance develops in certain thallium compounds hes led to another practical applica- 
tion. The photosensitivity of oxidized thellium sulfide was discovered by 
T. W. Caso in 1917. A cell was developed which is-more sensitive to long-wave- 
low intensity (infrared) light than the sclenium coll. This is the "thallofido" 
cell, in which thallium oxysulfide is employed as the photosensitive agent 
(172). ‘These cells wore propared by thormal evaporation of thallium sulfide 
in Oo at 0,8 m. and according to Micheissen (220) the results woro found quite 
satisfactory for practical application of the cells to fog tolegraphy. Since 
this initial work, some progross has Ben = in cee, tho oe and 
meermane: of this PrP loress evotee 


MA Jorana ana nein wee (217) « constructed aieecst cai cells with thallium 
sulfide propared by heating mixtures of thallium and sulfur. Various mediums 
for the support of the sulfide were investigatcd, and a roport of the prepara- 
tion and Poe omens of we so poTece was given. 


Joffe (207 ‘roporta a colt menbuctin of Ts with an admicturs of ae 
thallium (ratio Tl ; S = 2.3 : 1). The sensitivity of this coll is 10,000 - 
microamporcs per lumen. Overbock (226) and Nix and Troptow (22h) neve. observod 
"thalofido" cclls and givo dctailed deta for ea photo 'E.M.F. cell whose photo-- 
sensitivity was observed to be as high as 6,000 X 10~~ amperes per lumen. ..? 
Berraz and Virasoro (162) report that the TloS elements are sensitive only in | 
the near infrared, between 8,000 and 12,000 ‘R., with a pronounced maximum at 
9,300 K, Their apparent résistance in the dark, the photoélectric potential, | 
and the. eee at constant flux vary considerably with the temperature. 


ry neoenely ; the photocell as further developed by Gadhia (177) has 
become important in war commnication systems, A few milligrams of finely 
divided specially preparcd thallous sulfide is evaporated in high vacuum so 
as to condense it in a nearly opaque film on a glass plate ruled with two _ 
intermeshed conducting grids.'. The film is subsequently exposed to oxygen and 
subjected to heat poo tment’ oe as formation of a: nbigny. photosensitive 
Burace: 


_ The ete of the thallium sulfide Gata, cell, as wipinaits 
made by Case and later by others, was excellent so far as ‘initial sensitivity 
was concorned but the stability was poor. Mast cells were permanently damaged 
by radiation below 5,.000 Re, -and ‘the resistance gradually decreased as well as 
the sensitivity. The cells, as improved by Cashman, show appreciably greater 
sonsitivity and good over-al) stability, ‘Cashman found that ‘the itiost heavily 
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oxidized samples, after a fusion treatment, proved to be considerably superior 
to unoxidized material. He states that these samples mst contain considerable 
oxygen which evaporates and condenses with the thallous sulfide. 


According to Hole and Cashman (204), the most undesirable characteristics 
of these cells is a time lag in attaining full response to signals. Response 
to a signal of constant amplitude decreases with increasing signel frequency. 
Von Hippel and others (243) have undertaken a study to improve properties of 
the thallium sulfide cell. It is exvected that more uniform characteristics 
will be obtainecé when the cclls are subjected to the same steps of sensitiza- 
tion in mltiple production. 


Poisons and Insecticides © 


Thallium sulfate has found on increasing use for exterminating rodents 
such as rats, mice, gophers, and ground squirrels, and as an insecticide for 
the control of ants. The great advantage of this salt as an ingredient of 
poisoned beits lies in the fact thet it is tasteless and odorless, therefore 
is better adapted for the purpose than eithcr bitter-tasting strychnine or . 
yellow phosphorus, which has a very pronounced odor. Enck (11) has described 
several formlas which are said to be effective as poison bait for ficld mico, 
This sulfate is cumlative, slow-acting but certain in its results. Tho’ 
animals are usually awey from their burrows in search for water when they dio. 


Essig (351) discovercd the value of thallium products in killing fire 
ants which causo scvore injury to young citrus trces throughout the Rio Grando 
Valley. Formlas for mking a syrup as a bait for this purpose are given’ by 
Clark (180) and Travis (239). The bait-can method of dispensing the poison 
was found superior to absorption of the bait in sawdust or excelsior. Popenoe 
(227) found that a syrup containing 1 ounce of thallium sulfate in 6 pints of 
water, 6 pounds of sugar, and 18 ounces of honey exterminated small red ants 
in a number of houses and apartments within 3 weeks to a month. Tho pavement 
ant is even more readily controllcd, 


Spray mxtures containing thallium are oxcellent for protecting odants 
against chewing insects, but precautions mst be exercised to remove any 
residuel thallium salts from edible fruit and vegetables. 


Biological Uses 


The unusual physiological properties of thallium salts have beon the - 
eubject of considerable resoarch by biochemists for many years. Thallous 
acetate has found limited use in medicine for tho treatment of dysentery (24), 
cortain kinds of tuberculosis (24), and skin diseascs such as ringworm, 

Certain thallium salts have been used as depilatories, and thoir administration 
to sicep in order to induce an artificial moult has beon proposod in order to 
avoid the necessity of shearing (26, 332). Thallous carbonato is a very good 
fungicidal agont and is used in treating fabrics (159) to rondor them water- 
proof and moth proof (20) and to protect them against mold and mildow, 
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Use in Glass 


Thallium ccmpounés sre used in the glass. industry to impart dark, opaque, 
black, or brown colors as well as to increase density and the index of refrac- 
tion (213). It is said to have considerable use in the manufacture of optical 
glass, giving the product a refractive index higher than that of lead glase. 
This property a accounts too for its employment in the manufacture of 

artificial gems (3, 4). | | 


As an Antiknock 


The use of thallium and its compouncs to prevent knocking in internal- 
combustion engines has been patented (185, 186), Thallium or thallium oxide 
may be vaporized outside the cylinder by an electric arc, or a thallium compound 
my be mixed with the fuel or otherwise injected into the engine. Walter (245) 
revorts a number of other thallium compounds which might be suitable for the 
same purpose. 


Mineralogical An 


In a study of heavy liquids for mineralogical analyses (236), the Bureau 
of Mines has found that one of the mst suitable liquids for laboratory sink- 
and-float work on minerals of high specific gravity is 2 water solution of the 
double thallous formte - mplonate. This double salt, with a specific 
gravity of 4.9, melts at 60 C,. and is miscible in all proportions with water. 
The preparation of the formnte-malonate is described by O'Mcara and Clommer 


(225). 


The saieien of thallium compounds to silver salts would appear feasible 
in the preparation of photographic emulsions (163, 229): ond modifications in 
the rate of devalopmont have becn reported by Coblontz (182 ) and ilo 
(214). 


As a Catalyst 


A promising field of application that has arison recently is to use 
thallium as a catalyst. Thus thallium is used in the catalytic reduction of 
nitrobonzcne by hydrogen. Tl - V catalysts havo boen proposed for sulfuric 
acid mnufacturo. This catalyst is particularly hcat resistant. 


In Pignents 


Thomas W. Salter. (230) prepared a:series of thallium Siac ee for the 
English International Exhibition of 1871. They were not altered by exposure 
to hydrogen sulfide and were found to be pure and brilliant, had a good body, 
worked and mixed well, but were somewhat expensive for the palette. References 
have indicated that these pigments. have considerable. commercial icua, but any 
in high-price products such as ane retee paints. . 
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For Incandescent Lamps 


One of the more recent uses of thallium is that of a "setter" in the 
manufacture of incandescent lamps. Thallovs salts being more stable than 
thallic compbunds absorb traces of oxygen in such el and hence prolong the 
life of the tungsten filament. — 


In Signals and Rockets 
Thallium salts burn with a bright-greon flame and because of this character- 
istic are sometimes employed for greon signals, rockets, and flaros. On 
account of the high cost of such thedttun compounds, however, their use is 
ere limited. 


ANALYSIS OF THALLIUM 
Solution | | 


Thallium caxt be ‘solubilized from almost all aeetate with hydrochloric 
acid, nitric acid, or aqua regia, Glasses and artificial stones mst bo 
solubilized with sodium carbonato and tho molt takon up in wator ee} 


Soparation — 


: Lead salts aro romovod as sulfatos by evaporation to fumes with sulfuric 
acid followed by solution in wator and filtration, Initial soparation of load 
is usually rcocommcndcd bocauso of tho similarity of | thallous and lead salts. 
Thallic salts, on the other hand, closoly rosomblo forric compounds. ~ 


Tho majority of clemcnts associatod with thallium may bo soparatod by 
basic procipitation from tho lcad-frco solution.’ Noutralization with sodium 
carbonate and potassium cyanide is commonly used. Thallous sulfide may be 
subsequently precipitated with ammonium sulfide. Aftor dissolving in dilute 
sulfuric acid, hydrogon sulfide is romoved by boiling (322). a 


Thallium can be separated from trivalent aluminum, chromium, and iron by 
nearly neutralizing the sulfuric acid: sélution with sodium carbonate followed 
by boiling with ammonium nitrito and mothyl alcohol. By this mothod, oll the 
trivalent motals are precipitated as hydroxides while the thallium remains in 
solution n (291). | 


4 


“Dotection or Qualitative Determination 


~ Numorous: methods for dotacting tho prosonice of thallium are reported, and 
seloction of a satisfactory procodure mst be bascod upon tho particular 
mterial to be testod. _A summary of the more common qualitative tests 
follows, | - 
Pi i .? oe oF 3 
A. Oxidize unknown solution with nitric acid and bismth nitrate. Dis- 
coloration upon addition of sodium iodido indicates presence of thallium (323). 
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Be Ina slightly acid solution, sodsum seein throws down -@ rod 
crystalline precipitate in tho prerency af £ thallium which is pecans in os 
water and cold mineral acid (337). mas , 


OL Cue aie dnvelsne a. viele, crystalline ‘preei pitate in the 
presence of thallium (311). te , 

D. A concentrated solution of sozoiodol (a1 1040-p-phenolaulf onto acid) 
forms. crystalline precipitates’ with Ag, Pb, Hg, and. Tl. Tho. Be iit -- 
may be difforontiated pees (sun). ce . 2 | ae 


B. In no tost of Pico: a drop of carbon disulfide and an excoss of 
ammonium sulfide - ammonium hydroxide solution are addcd to the unknown. On 
boiling, black thallous sulfide precipitates, ‘which is transformed into a read 
complox by additional carbon disulfide (508). 


F,. An acidified aqucous sciitien, of phosphomolybaic acid Ce a coats 
Frecipitate with thallium (as do cosium and rubidium) (305). | 


G. An alcoholic solution of phonanthronequinéno mane eins forme grcen 
ncodlcs in tho presonco of thallium (291). 


H. Tho addition of a saturatod agquocus Sointion: of cesium platinous — 
chloride forms a yollow arcatyitate oh ‘thallous chlorido is present, (304). 


oe Bonzidine: and othor aiphony1 dorivetives givo. an intonse blue cold 
with hydroxides of thallium and-cortain othcr mitals (272). 


J... Hydrogen sulfide procipitatcs ‘brown thalliun sulfide in re or | 
slightly acid solutions but no procipitate in strong. acid solutions (11). 


K, soluble helidos re insoluble white’ thalliun chloride, Pre : 
ycllow thallium bromide, or bright-yellow thallium iodide (11). 


L. To dotcct thailiun in the presonce of “load, add sodium hydroxian. an 
Javello water. . If load is the only catién present, the solution remins cloar; 
but if thall iun is. oe a euste or chocolate-colored procipitate is 
formod (268). ree . 


M, Armonical cyanuric acid forms crystals with thalliun, bariun, radiun, 
and other ions which can be: distinguished microscopieally- (269). 


N. Thellous salts form double salts with uranyl compounds, particularly 
uranyl carbonate. « Theso. salts crystallize characteristically and erit . 
fluorescent radiation:in the: short-wave-longth visible rogion (7). 


O. With sodiun ferrocyanide and calciun acetate thallous poate on a 
eetee ones a aaa alice ‘procipitato (7). oy wa ee: 
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P. In the usual qualitative analysis scheme, thallium precipitates with 
lead, mercury, and silver as a cation of group l. Together with lead chloride, 
it dissolves in hot water, and the lead is separated as lead sulfate and the 
thallium as yellow iodide (262). 


Q. Antimony trioxide may be used as a qualitative reagent for thallium, 
Under approvriate conditions, a characteristic orenge to red precipitate is 
formed (249). 

R. Dithizone may be used to detect traces of lead or thallium (251). 


S. Thallium is readily detected by the green color which it imparts to 
a flame and the characteristic green line in the spectrum at A 5,350 (11). 


T. Potassium chromate precipitates insoluble yellow thallium chromate 

U. Frequently it is necessary to detect the presence of thallic salts 
in the presence of thallous compounds. To an alkaline solution add naphthol 
containing dimethyl-o-phenylene amine. An indophenol is produced which has a 
charactcristic blue color. Oxidizing agents mst be absent (296). 

Quantitative Determination of Thallium 

Gravimetric 

Gravimetrically thallium may be precipitated as the chromte (290), 
hydroxide (259), iodide (307), cobaltinitrite (312), sulfate (254), or 
cobalt-ammonia complox (309). Scvoral organic precipitants have also been 
usod for thallium, including thionalice (252) and mercaptobenzothiazole (308). 
Chretien and Longi evaluated the various gravimetric procedures and concluded 
that the chromate method alone possessed gcnoral applicability (259). Drying 
temperatures for the various thallium procipitates have been determined by the 
thormobalance (315). 

Following is a description of the chromate methods: 


(1) Precipitate Al, Cr, and Fe by aforemontioned basic treatment (Sce 
scparation). 


(2) Filter off trivalent and quadrivalcent hydroxidcs. 
(3) Alkalizo filtrate with ammonium hydroxide and boil. 
(4) Add slight oxcess of potassium chromate (2%). 

(5) Allow to stand for 12 hours. 


(6) Filtor off thallium chromto, wash precipitate with 1 percent chromate 
solution, thon 50 percont alcohol. 


(7) Dry precipitate at 120°C. (322). 
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| It is possible to detormine thallium clectrolytically using a mercury 
covered platinum elcctrodo and sulfate solutions (259). -°* In the anodic precip- 
itation, T1.03 end Tlp05 are formod, Whilo varying amounts of the sulfete are 
occluded, no higher oxide is supposedly procipitatod (277). This mothod is 
also applicable to eloctreolysis of thallous nitrate solutions (269). 


Volumotric 


The volumetric determination cof thallium sapunde cithcr upon the oxidation 
of Tl+ to Tlit+ or the reduction of Tli+ to Tl+. Tabulated below are many of 
the procedures described in the literature. Adequate purification of the 
solution containing thallium ig the primery problem = any of the following 
methods. 


Reagent (s) — oo Determines Indicator Ref erence 
Potassium bromate Tl+ Methyl orange 326 
Potassium iodide —_ | 
Mercuric nitrate | P1l+ - _Dephenylcarbazone 320 
Silver chloride — ; a 
Ammonium thiocyanate DL Ferric alun: 319 
Sodium hypolodite 
Sodium thiosulfate ot TL Starch 418 
Potassium iodide ; 
Potassium iodate T1l+ do, 255 
Ceric sulfate — T+ Iron-phenanthroline 259, 346 
a le = complox 
_ Potassium permanganate SO : 7 : 
Silver sulfate : - TL, Manganese ion | 28h 
' Sodium hypobromite - Plt Potentiometric 317 
Sodium thiosulfate Tl+t++ do. | 269 
'  Chiloromine | Tl+ - do. 2h7 
‘Sodium chromate 5 ~ Tle Conductometric 298 
Sodium iodide T1l+i+ G08 | a's) 
Potassium selenium cyanate T1+ do, 296 
Potassium thiocyanate -Tl+ : do. | oo7 


Spectrographic Determination of Thallium 


In many cases the quantity of thallium to be ‘ictevmined is small, that 
is, 0,1 to 0.001 percent, and spectrographic methods are applicable. Ores, 
concentrates, oe alloye, and eens products have been analyzed 
‘by this method. 


A-quantitative d.c., carbon-arc, spectrographic method has been reported 
for determining thallium and othor minute elements in a powdered sample of 


unsintered zinc sulfide ore (313), Analysis for thallium in pollucito is 
also described (248). 


Spark discharge and dcetylene flame have been applied to solutions as Well 
as mnorals, - The former employs: visual .estimation of spectral line intensity 
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while the latter involves photographic photometry with a logarithmic sector 
(0:99). Veriations of these techniques neve been described by Rusanov and 
associates (300, 301, 306). 


Quantitetive spectrogrephic analysis of metals and alloys by comparison 
o; thallium standards with the emission spoctra from measured quantities of 
unknown substances has been successfully dovoloped (257). This technique 
has been usod for determining thallium and other olements in lead (276), 
copper (281), and zinc (250, 286, 32h). | 


Thallium was detected in tobacco ash when present in amounts below 0,0001 
percent (32h). . 


Fractional distillation of thallium in a carban tube furnaco hes beon 
workcd out for spectroanalysis of rocks and minerals (294). 


Qualitative detormination of thallium in mine wator by olectrolysis, 
followed by spectrogrephic analysis of tho deposit is described by Schleicher 
(320). 


Marks and Potter (299) have devoloped a Baceecoe venice method for _ | 
dctermining thallium which checks well with chemical dcterminations where the 
samples contain very low percontages of this elemont. Tho method is mtircly 
suitable for preliminary dotermination of ee in ores, concontratos and 
industrial eneNe and rosiducs. | 


a] 


Misccllancous Analytical Mothods 


X-rays have been employed to determine thallium in alloys vie and 
minerals (254). To avoid high temperatures, a method was developed in which 
the excitement of the individual radiation results frou primary X-rays and 
the effect of impurities is minimized (303). 


Small quantities of thallium, that is, 5r, can be determined with a 
reported accuracy of 4 to 10 percent using radioactive iodine and precipitating 
a lodide which is ia coalde with standards es eee counter 
297 


Polarographic methods have been used for ie inine thallium in zinc . 
(267), cadmium (271), and iron (334), Satisfactory half-wave potentials can 
also be obtained when ethy lene glycol is substituted for water (274). 


Nevhatometrte ana colorimetric procedures may be used for thallium. 
Phosphomolybdic acid-sodium tungstate reagent is applicable after separation 
of thallium by precipitation with "thionalide."” Potassium iodide ise used as 
& colorimetric reagent with thallium sulfate controls. Results are roportedly 
best at thallium concentrations of 0.005 to 0.1 gm. per liter. Microcrystalline 
Precipitates obtained with iodic acid, sodium benzoate, and picric acid are 
also described (267). Ina variation of the potassium todide mothod, thallic 
chloride is reduced by this reagent, and the liberated iodine extractod with 
carbon disulfide and determined colorimotrically (292, 304). 
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‘Thallium sulfide simi larly. can oe men for colorimetric ostimatione with 


sodium sulf ide the usual reagent (311). 


Schwab suggests chromatography ag.a possible tool for thallium analysis 


and typical. color reacticns with. alurtina absorbents for Limiting « conccontra- 
tions of thallous and other netallic, ions aro givan (302). | | 


li. 


12. 


13.: 
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